Abstract
Introduction

3
Following the initial discovery of the Arctic sea ice proxy IP25 (Belt et al., 2007) , analysis of 98 this biomarker has subsequently led to sea ice reconstructions for various sub-Arctic and Arctic 99 regions: the central Arctic Ocean (Xiao et al., 2015a (Xiao et al., , 2015b , the Labrador Sea (Weckström et water conditions. In addition, since HBI III has a more constrained source (diatoms) and has 124 sedimentary concentrations much closer to those of IP25, some of the problems associated with 125 using some other phytoplankton biomarkers can potentially be avoided. In a subsequent study, The Norwegian Atlantic Current transports relatively warm and saline Atlantic Water towards 138 the high latitude North Atlantic Ocean (Hopkins, 1991) (Fig. 1a) . Before entering the Barents 139 Sea, the Norwegian Atlantic Current splits into two different branches, the West Spitsbergen
140
Current and the North Cape Current, respectively (Fig. 1a) . Both of these currents transport the 141 warm saline Atlantic Water into the Arctic Ocean (Rudels et al., 2014) . Within the Barents Sea, Strait; the Return Atlantic Current, the Yermak Branch and the Svalbard Branch (Fig. 1a) Opening into the southern Barents Sea, parallel to the coastal current system (Loeng, 1991;  157 Loeng et al., 1993; Midttun, 1985; Rudels, 1987) (Fig. 1a) . After mixing and heat loss, Atlantic
158
Water exits the Barents Sea via the Barents Sea Exit and reaches the Arctic Ocean via the St.
159
Anna Trough (e.g. Schauer et al., 2002; Rudels et al., 2014) (Fig. 1a) .
160
In addition to relatively warm Atlantic Water, the Barents Sea is also influenced by Polar Water 161 that is brought from the Arctic Ocean into the Barents Sea through the Franz Victoria and St. (Hopkins, 1991) (Fig. 1a) . Arctic Water is formed when relatively warm Atlantic Water 164 converges and merges with cold, less saline and ice loaded Polar Water (Hopkins, 1991 Fig. 1c ; Table S1 ).
170
The oceanic fronts dividing these different water masses are one of the main oceanographic 171 features of the near-surface waters of the Barents Sea (Pfirman et al., 1994) . Defined as a sharp in particular, align with the average summer and winter sea ice margins, respectively (Vinje, 176 1977). Although sea ice advection from the Arctic Ocean does occur, sea ice within the Barents
177
Sea is mainly formed locally during autumn and winter (Loeng, 1991 
187
The interplay between water masses and other influences that impact sea ice formation in the 188 Barents Sea determine the position of the marginal ice zone, an area characterized by high 189 surface productivity during the summer season (e.g. Smith and Sakshaug, 1990) . Within the
190
Barents Sea, enhanced primary production results from a peak algal bloom along the ice margin 191 during spring as sea ice retreats (Sakshaug et al., 1992) . In addition, the advection of Atlantic
192
Water contributes to longer productive seasons, compared to other Arctic areas (Wassmann, 193 2011). Consequently, the Barents Sea is one of the most productive areas of the Arctic Seas 293 m water depth) using a gravity coring device (Fig. 1) The sediment core was opened, and the sediments were sampled and frozen within 48 hours.
258
Sediment samples were freeze-dried, wet-sieved through three different size fractions (1000, 259 100 and 63 µm), and dried at 40 °C. Planktic foraminiferal assemblages were determined for 260 123 samples using the 100-1000 µm size fraction following Knudsen (1998 
265
As the planktic foraminiferal assemblages might be affected by carbonate dissolution, it is 266 important to assess the impact of preservation changes on the planktic foraminiferal data (e.g. 
Results
305
The resulting depth-age model ranges between the present and ca. 9400 cal a BP (Fig. 2) whereas the PIIIIP25 records a maximum value at ca. 1600 cal a BP after which it remains high 337 until the present (Fig. 3e-f ). Estimates of SpSIC show a mean value of ca. 75% (Fig. 3g) .
338
According to the threshold limit (PIIIIP25>0.8) suggested by Smik et al. (2016) , the occurrence 339 of summer sea ice (SuSIC>5%) is estimated to have begun ca. 2700 cal a BP and remained a 340 consistent feature thereafter, until the present (Fig. 3f) .
342
Planktic foraminiferal preservation
343
From ca. 9500-7300 cal a BP, the absolute abundances of planktic foraminifera remain 344 relatively low where after, they increase towards 5900 cal a BP ( Fig. 4a ; Table S4 ). From ca.
345
5900-2700 cal a BP, the planktic foraminiferal concentration has a broader range (Fig. 4a) cal a BP-present (Fig. 4a) .
349
From ca. 9500-5900 cal a BP, the extent of fragmentation shows a mean value of 32%, whereas 350 the mean shell weight is highly variable until ca. 7300 cal a BP, followed by more stable values
351
(ca. 7.5 µg) towards ca. 5900 cal a BP ( Fig. 4b-c ; Table S4 ). The mean shell weight remains 352 relatively stable (ca. 7 µg) ca. 5900-2700 cal a BP, while the fragmentation record exhibits an 353 overall decrease (Fig. 4b-c) . During the last ca. 2700 cal a BP, the degree of fragmentation
354
shows a small overall increase although there is mainly an increase in the amplitude (i.e. minima
355
and maxima between ca. 9-83%) (Fig. 4b) . At the same time, the mean shell weight shows a 356 general decrease (Fig. 4c) . Fig. 4d-i ; Table S4 ). From ca. 9500-7300 cal a BP, the fauna is dominated by N.
363 pachyderma (ca. 95%) followed by a period (ca. 7300-5900 cal a BP) with increased relative 364 abundances of T. quinqueloba, N. incompta and G. glutinata up to ca. 24, 27 and 4%, 365 respectively ( Fig. 4d-g ). After ca. 5900 cal a BP, the relative abundances of T. quinqueloba and
366
N. incompta decrease and remain relatively stable (ca. 3-4%) towards ca. 2700 cal a BP, while 367 N. pachyderma clearly dominates the planktic foraminiferal fauna (Fig. 4d-f ca. 5900-2700 cal a BP with relatively heavy values (Fig. 5a ). Throughout the last ca. 2700 cal 381 a BP, the δ 18 O record shows decreased values in the range 3.5-4.0 ‰ (Fig. 5a ).
382
The δ 13 C record shows a decrease from 0.4 to 0.0 ‰ ca. 9500-8500 cal a BP ( Fig. 5b ; Table   383 S5). This trend is reversed at ca. 8500 cal a BP, with heavier δ 13 C values towards ca. 5900 cal 384 a BP followed by an increase towards 0.9 ‰ ca. 5900-2700 cal a BP (Fig. 5b) . The last ca. (Fig. 5b) .
388
Discussion
389
Throughout the early to late Holocene, the palaeoceanographic record in NP05-11-70GC shows 390 an overall increase in sea ice reflecting the decline in solar insolation ( Fig. 6a-d Atlantic Water (Fig. 4c) . In contrast, throughout the last ca. 2700 cal a BP, the preservation 430 indicators (i.e. low mean shell weight and highly fluctuating fragmentation) show an overall 431 change towards enhanced dissolution (Fig. 4b-c (Belt et al., 2015) , with SpSIC estimates consistently less than 50% (mean ca. 25%) (Fig. 3g) 
463
and an absence of summer sea ice (Fig. 3f-g ). The occurrence of reduced SpSIC and longer
464
(ice-free) summers is consistent with longer ice-free seasons and a retreated ice margin Maximum towards Neoglacial conditions (Fig. 6b) high insolation, thereby reflecting the Holocene Thermal Maximum at the core site (Fig. 6e) .
482
The strong increase in δ 18 O values ca. 7600-7300 cal a BP probably reflects its termination, a 
502
During Period I, the overall high relative abundances of N. pachyderma, in particular ca. 9500-503 7300 cal a BP, suggest a dominance of Arctic Water masses and cold conditions at the study 504 site (Volkmann, 2000) . However, from ca. 7300-5900 cal a BP, the increased abundances of 
531
For Period I, the new proxy data, combined with outcomes from previous studies, indicate that 532 the study site was characterized by reduced sea ice conditions during relatively short spring 533 seasons, enhanced phytoplankton production within the proximity of the sea ice margin, and a 534 winter sea ice margin in the proximity of the core site at ca. 78° N (Fig. 7a) Sea due to less heat advection from the south (Hald et al., 2007) .
561
The dominance of N. pachyderma, along with decreased abundances of sub-polar foraminifera, at the core site (Volkmann, 2000) ( Fig. 6f-g ). This is consistent with foraminifera-based Period I (Fig. 7a-b) . This is in good agreement with sea ice conditions at the continental slope 573 of western Svalbard (Müller et al., 2012) , although sea ice did not extend as far as the western
574
Barents Sea (Fig. 7b) water phytoplankton production consistent with lower TOC values ( Fig. 3b-d by shorter (and probably cooler) summers with lower phytoplankton production (Fig. 7c) .
621
Overall, the site was characterized by extensive sea ice conditions (SpSIC typically ca. 75%)
622
with at least partial sea ice occurrence in the summer months (Fig. 7c) Barents Sea throughout the last ca. 1100 cal a BP . Hence, the data suggest 627 a south-westwards transgression of the sea ice margin (Fig. 7c) Table S1 . CTD data presented in Fig. 1 663 Table S2 . Age model presented in Fig. 2 664 Table S3 . Biomarker data presented in Fig. 3 665 Table S4 . Foraminiferal fauna data presented in Fig. 4 666 Table S5 . Stable isotope data presented in Fig. 5 
668
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